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Figure 4.  Stratigraphic logs and orthophotomosaics of the south 
wall of Bonham Ranch fault trench T-1 (top) and T-2 (bottom).

Observations from mapping (field and lidar) and trenching indicates that the Bonham 
Ranch fault has generated at least two latest Pleistocene/Holocene earthquakes.  
These earthquakes postdate the deposition of tephra deposits tentatively correlated to 
the Wono and Trego Hot Springs tephras (~23-27 ka) (tephra analyses pending).

Although right lateral offsets were not identified in this study and the primary displace-
ment is normal, the left stepping map view pattern of youthful ruptures suggests that 
the fault may accommodate a small component of right-oblique displacement. 

This ongoing work will contribute towards better understanding slip partitioning in the 
northern Walker Lane and characterizing seismic hazards in northwestern Nevada. 

Summary

Two trenches (T-1 and T-2) were excavated across an ~2-2.5-m-high east-facing scarp 
in northwestern Smoke Creek Desert (Figures 1B and 2).  Both trenches exposed in-
terbedded lacustrine clay, tephra, and fine sand deposits on the footwall that are fault-
ed across two primary fault strands (Figure 4).  The tephra beds may correlate to the 
Wono and Trego Hot Springs tephras which are widespread in the area and were de-
posited between ~23-27 ka.

Evidence for the penultimate event includes the vertical displacement of the lacustrine 
clay and deposition of fluvial, aeolian, and scarp derived sediments that accumulated 
on the hanging wall.  Evidence for the most recent event (MRE) includes the clear 
faulting of the penultimate event deposits and burial of the fault tip by aeolian silt and 
scarp derived colluvium. 

The stratigraphic and structural relations support the occurrence of two latest Pleisto-
cene/Holocene earthquakes that postdate the deposition of the two tephras (~23-27 
ka).  This result is consistent with the geomorphic mapping observations. Radiocar-
bon, optically stimulated luminescence, and tephachronologic analyses are pending 
and may place tighter constraints on the timing of events.    

Trench Results

Figure 3.  Lidar hillshade images of the Bonham Ranch fault for 
áreas A-D.  Active fault trace extends along black arrow tips in each 
image.  Prominent shorelines shown by dashed white lines.  See 
Figure 1B for locations. 

Figure 2. A) Drone photograph showing Lake Lahontan highstand, range front 
morphology, trenches, and the primary fault trace (dashed white line).  B) field
photograph of the scarp at trench T-1.  C) close up photograph of the T-1 expo-

Fault trace mapping was performed across an ~20-km-long section of western Smoke 
Creek Desert to independently evaluate previous mapping and to differentiate be-
tween fault scarps and lacustrine shoreline landforms (Figure 1B).

The mapping indicates that the fault is characterized by a relatively continuous singu-
lar trace that is well-expressed and clearly defined predominantly east of the range 
front.  The fault consists of several en echelon left bends or steps that vary in strike 
from 0°-030° (Figures 1B).  The fault is entirely within the basin and not expressed 
along the range front which lacks active faulting morphology typical of long-term Basin 
and Range normal faulting (i.e. triangular facets, wineglass canyons) (Figure 2).

The basin fill deposits in Smoke Creek Desert reflect a progression from deep water la-
custrine clay deposited during the highstand of pluvial Lake Lahontan (~15 ka) to shal-
low water near shore sands and beach berms that were deposited during the reces-
sion of the lake.  These deposits were buried in places by thin shoreline deposits relat-
ed to two transgressions of the lake including the ~12 ka Younger Dryas highstand (el-
evation ~1212-1230 m) and a mid-Holocene highstand (elevation ~1190-1200 m).  
The lacustrine deposits have been incised by late Holocene alluvial fans.

Surficial fault scarps range in height from 1-5 m and are characterized by an over-
steepened (sometimes near vertical) basal slope.  The scarps displace Holocene allu-
vial fans and shorelines associated with the mid Holocene lacustrine highstand (Figure 
3).  This combined with the beveled scarp morphology suggests the occurrence of at 
least two Holocene earthquakes associated with a normal sense of displacement. 

Results
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Figure 1. A) Regional fault map of the Walker Lane/Basin and Range transition 
zone.  B) Traces of the Bonham Ranch fault mapped for this project and location 
of paleoseismic trenches.  Areas of detailed lidar images labeled A-D.  
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The Bonham Ranch fault splays off the northwest trending Pyramid Lake fault (a major 
strike-slip fault of the northern Walker Lane) and extends north for >50 km along the 
western margin of Smoke Creek Desert, Nevada.  In this area, approximately 5-7 
mm/yr of dextral shear is accommodated across the northern Walker Lane and a small 
amount of shear and extension is partitioned to faults in the western Basin and Range.  
The Bonham Ranch fault accommodates part of this deformation by normal faulting.  
Prior paleoseismic trenching has not been conducted along the fault and paleoseismic 
rupture parameter data has only been inferred from reconnaissance mapping.  

Here, I present mapping and paleoseismic trenching observations along the Bonham 
Ranch fault based on interpretation of lidar data and two trench exposures.  Prelimi-
nary mapping results indicate that the Bonham Ranch fault is expressed as continuous 
east-facing 1-5 m scarps that displace latest Pleistocene and Holocene lacustrine and 
alluvial fan deposits along the western side of Smoke Creek desert.  The range front 
was submerged and buried in places by deposits associated with pluvial lake Lahon-
tan during its highstand (~15 ka), however, the range front does not exhibit active fault-
ing morphology typical of Basin and Range normal faults (i.e. triangular facets, wine-
glass canyons).  Trench exposures show deep water lacustrine clays interbedded with 
fine sand and two distinct tephra layers that are faulted across two primary fault 
strands. The tephra layers may correlate to the Wono and Trego Hot Springs tephras 
(~25 ka) which are widespread in the area. Two packages of post faulting deposits 
bury the lacustrine deposits on the hanging wall, the oldest of which is faulted provid-
ing evidence for the occurrence of at least two latest Pleistocene/Holocene events.  
Radiocarbon, optically stimulated luminescence, and tephrachronologic analyses are 
in progress and will place constraints on the timing of the earthquakes.  This ongoing 
work will contribute towards a better understanding of regional seismic hazards and 
the role of the Bonham Ranch fault in partitioning slip along the margin of the northern 
Walker Lane. 

Abstract

The Bonham Ranch fault zone in the Smoke Creek Desert, Nevada accommodates 
oblique normal faulting within a zone of transition between Walker Lane shear and 
Basin and Range extension (Figure 1A).  The fault is included in the U.S. National 
Seismic Hazards map as a source with a modeled slip rate of 0.26 mm/yr capable of 
Mmax 7.1 earthquakes.  At this latitude, approximately 5-7 mm/yr of the Pacific/North 
American relative plate boundary strain is accommodated east of the Sierra Nevada 
and right oblique displacement has been suggested for north-striking faults that splay 
off the Walker Lane into the Basin and Range.  Koehler (2019) suggested a model in 
which dextral shear is transferred from the Sierra Nevada range front across a right 
step to the eastern side of the Walker Lane, however, the style and rate of strain 
partitioning between the Walker Lane and Basin and Range remains allusive.
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Figure 4.  Stratigraphic logs and orthophotomosaics of the south 
wall of Bonham Ranch fault trench T-1 (top) and T-2 (bottom).
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